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geriatricians consider these three measures of vulnerabilityVcomorbidity, disability, and frailtyV to overlap, all three are different entities. Indeed, they influence each other, but their interactions and influence cannot be clearly represented by a single model. 3 Another research group defined frailty as an accumulation of deficits related to old age. 5 Although not all institutionalized elderly people are frail, we have chosen frailty as one of the core issues to be addressed in this review, because frailty adversely influences the quality-oflife of elderly people. Frailty is more and more recognized as a dynamic concept, as the pathway leading from nonfrail to prefrail to frail is reversible. 6 Because this review focuses specifically on institutionalized elderly persons, we assessed and differentiated pertinent studies on the basis of basic activities of daily living (BADL) and instrumental activities of daily living (IADL). As seen in the definitions of the concepts, BADL is more relevant to frail institutionalized older people than IADL. In research, BADL is distinguished from IADL by using different measures for BADL and IADL or different subscales from one overall scale for ADL.
An important risk factor that contributes to decreased ADL performance is low levels of physical activity. 7 One way to improve physical fitness is to exercise. 8 Health-related physical fitness include physique characteristics that influence the state of health. The characteristics are muscle strength, flexibility, coordination, balance, and endurance. 7 A literature search revealed one previous review, with the focus on the effects of exercise on physical fitness in a residential home population 9 . Although that review provided some evidence that exercise influences functional performance positively, the evidence was limited because of the poor methodological quality of the studies included in the review. 9 Thus, a systematic review of the effects of physical exercise on physical fitness, ADL performance, and quality-of-life does exist, but it is not up to date. The purpose of our review, therefore, is to examine the effects of physical exercise on physical fitness, ADL performance, and quality-oflife. Our ultimate goal is to propose criteria for an evidence-based exercise protocol aimed at frail institutionalized older people.
METHODS

Literature Search
Databases used for the literature search were Medline, PubMed, Cochrane, and CINAHL. MESH [Medical Subject Heading] terms used in the search were physical exercise, physical activity, frail older or elderly people, and institutionalized. To cast a wider net across the full width of this research field, a number of synonyms were used for the MESH terms. To extend the search strategy on physical exercise and daily physical activity, the following terms were used: strength training, flexibility training, balance training, and endurance training. We extended our search further to the list of references of the included articles and the list of related articles on relevant items.
Definitions of Search Terms and Outcome Variables
We defined search terms and outcome variables as follows: 
Criteria for Inclusion
Inclusion criteria used to select the relevant studies were the use of a randomized controlled trial (RCT) design, articles written in English, published from 1955 to 2008 in peer-reviewed journals catalogued in databases, and including participants aged 70 yrs and older living in longterm care facilities and nursing homes. We chose the year 1955 because of the availability of published studies listed in Medline databases. Included were studies describing frail older people with different kinds of illnesses or diseases. Comorbidity was listed in the articles, but we excluded studies with a primary focus on specific diseases, such as stroke, rheumatism, Alzheimer's disease, and psychological diseases. We included RCTs that examined the effects of exercise training or physical activity on the primary aging characteristics' physical fitness, ADL performance, and quality-oflife. In addition, we included all studies referring to the effects of physical exercise on the prevention of falls, because the interventions used to prevent falls are very similar to the interventions to increase physical fitness.
Methodological Quality
The quality of the selected RCTs was assessed by the guidelines of the Dutch Cochrane Institution for Assessment of Quality of Randomized Controlled Trials. The assessment form was shortened, because single and double blinding is usually not possible in these types of intervention studies. In class exercise programs, neither therapists nor patients can be blinded. Consequently, seven original criteria remained. These are as follows: (1) Was a randomization procedure performed? (2) Was the person who includes participants blinded for randomization order? (3) Was the outcome assessor blinded? (4) Were groups at the start of the trial equal on baseline characteristics? (5) Was there a sufficient proportion loss to follow-up? (6) Did the analysis include an intention-to-treat analysis? (7) Were both groups, apart from the intervention, treated equally? We added the following question: (8) Was a baseline assessment performed before randomization? We assigned the following original items 2 points instead of 1 point: (1) Was a randomization procedure performed? (2) Was the person who includes participants blinded for randomization order? (3) Was the outcome assessor blinded? (6) Did the analysis include an intention-to-treat analysis? This adjustment was made because of the large methodological impact of these items. We called the new assessment tool for determining the quality of RCTs the adapted Dutch Cochrane Qualification form. We classified the articles into low-, moderate-, or high-quality categories, based on their total quality score. Cut-off scores used were 0Y4 score (low); 5Y8 score (moderate); and 9Y12 score (high).
Quality of Interventions
The following criteria were used to classify the quality of the exercise interventions analyzed in this review. For this procedure, we included studies that scored moderate or high, and we excluded studies that scored low on the adapted Dutch Cochrane Qualification. Next, we determined means and standard deviations of relevant outcome measures, which were used to calculate effect sizes. These outcome measures were strength, flexibility, endurance, balance, coordination, functional performance, ADL performance, and quality-of-life. To classify the results from the selected studies, we used the cut-off scores of effect sizes, as described by Cohen 10 and by Middel and van Sonderen, 11 who proposed the clinical relevance of this classification scheme. Finally, we took into account whether researchers performed an intention-totreat analysis. Figure 1 illustrates the search and inclusion process. Search results on the search term physical exercise and synonyms showed 7700 hits. Search results on frail elderly people with synonyms showed 339 hits, whereas search results on institutionalized elderly with synonyms showed 2267 hits. The combination of these three search terms resulted in 89 hits. First, titles were screened on matching the inclusion criteria. Sixty-nine titles were left out because they did not match the inclusion criteria (see Methods section), and 20 potential articles remained. Examination of the reference lists of the 20 potential studies produced another 35 relevant titles, from which nine study titles were considered useful after using the same inclusion criteria. The search for relevant-related articles in PubMed produced another 16 titles, which were similarly evaluated for inclusion. This resulted in 45 potential articles. The second step was reading the abstracts. Thirty-two studies met the inclusion criteria. Thirteen studies were excluded because they only described outcomes in patients with specific diseases. Of the 32 articles, one was excluded, because by reading the entire article, it described only community-dwelling elderly people. In the end, 31 articles fulfilled the inclusion criteria and were assessed further for this study. Literature search in the Medline, CINAHL, and Cochrane databases did not add any relevant studies. These 31 articles were based on 27 studies because Chin A Paw et al. 12Y14 and Jensen et al. 15Y17 wrote three articles based on one research study. In that way, 27 studies were included in the final review.
RESULTS
Search Results
Methodological Quality Low-Quality RCTs
We deemed three studies to be low-quality RCTs for the following reasons: One study was not an RCT after all. 18 The second study provided no description of randomization; the assessors were not blinded; the groups were not equal before intervention; no baseline assessment was done before randomization; it lacked an intention-to-treat analysis; and the control and experimental groups were not treated equally. 19 The third study similarly provided no description of randomization; the assessors were not blinded; the groups were not equal before intervention; there was an insufficient description of loss to follow-up; it lacked an intention-to-treat analysis; and the control and experimental groups were not treated equally. 20 An overview of these low-quality studies is shown in Table 1 .
Moderate-Quality RCTs
Twelve studies were categorized as moderate quality for the following reasons: There was no description of randomization 21 ; the assessors were not blinded 16,21Y23 ; the groups were not equal before intervention 16, 21, 24, 25 ; there was no baseline assessment before randomization 21Y27 ; there was an insufficient description of loss to follow-up 16,21Y23,26,28 ; they lacked an intention-to-treat analysis 23Y25,27Y31 ; and the control and experimental groups were not treated equally. 16 ,22Y25,27Y30 An overview of these moderate-quality studies is shown in Table 1 .
High-Quality RCTs
Twelve high-quality RCT studies were identified. Two were qualified as high quality because they contained all quality demands. 12, 32 Four studies did not mention the blinding of assessors. 33Y36 For one study, the groups were not equal before intervention. 37 Four studies described no baseline assessment before randomization. 37Y40 Two studies lacked description of loss to follow up. 35, 40 Two studies performed no intention-to-treat analysis. 38,41 Four studies did not treat control and experimental groups equally. 33, 34, 40, 42 An overview of these highquality studies is shown in Table 1 .
Quality of Interventions Design of the Interventions
The number of participants in the studies varied widely, ranging from 20 to 981, with a mean of 207. The types of interventions, assessment instruments, and outcome measures also varied considerably. Table 1 provides an overview of the type of interventions, outcome measures, and methodological quality of the assessed studies.
Outcomes
Eight relevant outcome measures were found: strength, flexibility, endurance, balance, coordination, functional performance, ADL, and quality-oflife. We selected the studies from which we could calculate the effect sizes of the interventions. Of the 27 assessed studies, 12 reported sufficient data, enabling us to calculate effect sizes. Table 2 provides an overview of the studies with outcomes, outcome 
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Strength
Nine studies reported strength as an outcome measure. We found that for four studies, the interventions used had either very strong or strong effects on strength. 22, 28, 31, 41 One study was of high methodological quality. 41 The other three were of moderate methodological quality. 22, 28, 31 Five studies showed moderate or limited effects on strength. 13, 26, 36, 39, 40 Flexibility Two studies showed a moderate effect with regard to flexibility. One study was classified as high Endurance Three studies showed effects on endurance. In two studies, the effects were classified as very strong or strong. These studies were classified as moderate methodological quality. 22, 31 The third study, which showed limited effects, was also classified as moderate methodological quality. 26 Balance Ten studies reported balance as an outcome measure. One study showed strong and very strong effects on outcome measures related to balance. This study was of high methodological quality, 41 In nine studies, moderate or limited effects were shown. Of these studies, five were classified as high methodological quality 13, 32, 36, 38, 40 and four were classified as moderate methodological quality. 24, 26, 28, 29 
Functional Performance
Four studies showed very strong or strong effects with regard to functional performance. Two of them were of high methodological quality, 32,41 and two were of moderate methodological quality. 22, 31 Eight studies showed moderate or limited effects. Of these studies, four were classified as high methodological quality. 13, 36, 38, 40 Four studies were classified as moderate methodological quality. 24, 26, 28, 29 Coordination One study classified as moderate methodological quality showed contradictory effects on coordination, because the experimental group performed worse than the control group. 26 
ADL Performance
Seven studies used ADL as an outcome measure of a physical intervention. In this review, we made an effort to distinguish BADL from IADL. Although all studies assessed BADL, two studies did not distinguish between BADL and IADL. 13, 29 Five studies assessed BADL separately. 28,31,32,36,41 Hauer et al. 41 assessed IADL as well. One of the seven studies classified as moderate methodological quality showed very strong or strong effects. 31 Five studies showed moderate or limited effects. 28,29,32,36,41 Three studies were classified as high methodological quality. 32, 36, 41 Two studies were of moderate quality. 28, 29 One study of high methodological quality showed an adverse effect, because the control group performed better than the experimental group. 13 
Quality-of-Life, Operationalized as Depression, Vitality, and Perceived Health
Two studies classified as high methodological quality showed effect sizes on depression and general well-being. One of the studies assessed psychosocial function, 12 whereas the other study assessed perceived health. 40 The effects on depression were limited. The effects on perceived health and psychosocial function varied from limited to strong, depending on the type of intervention. 12, 40 
Adjustment for Intention-To-Treat Analysis
It is of utmost importance to consider whether a study performed an intention-to-treat analysis to interpret the relevance of the effect sizes to the outcome measures. For strength, three studies with very strong and strong effects performed an intention-to-treat analysis. 28,31,41 For balance, one study performed an intention-to-treat analysis. 41 For functional performance, two studies performed an intention-to-treat analysis. 38, 41 The outcome measuresVflexibility, endurance, coordination, and ADL performanceVshowed no strong effects, or studies failed to perform an intention-to-treat analysis on these measures. Studies that performed an intention-to-treat analysis are marked as indicated in Table 2 .
Evidence-Based Exercise Recommendations
On the basis of our review results, the following exercise recommendations are made (type, intensity and/or volume, frequency, duration per session, and total duration) for frail elderly people. Only interventions with strong or very strong effect sizes were chosen to form the basis of the exercise recommendations. The outcome measures are summarized below. An overview is shown in Table 4 .
Strength
For strength, four studies meet these criteria. All used progressive resistance training. Hauer et al. 41 recommend high-intensity training, three times a week, 60 mins for at least 3 mos. Hruda et al. 22 recommend lower body resistance training, one set of four to eight repetitions, three times a week, 60 mins for at least 10 wks. Seynnes et al. 31 recommend high-intensity training of 80% of one repetition maximum (1 RM), or low-intensity training of 40% of 1 RM, three sets of ten repetitions, three times a week for at least 10 wks. Lazowski et al. 28 recommend moderate intensity training, from one set of five repetitions to two sets of ten repetitions, three times a week, 45 mins per session for at least 4 mos.
Endurance
For endurance, two studies meet the criteria. Hruda et al. 22 recommend lower body resistance 
ADL Performance
For ADL performance, Seynnes et al. 31 recommend low-intensity resistance training of 40% of 1 RM or high-intensity training of 80% of 1 RM, three sets of eight repetitions, three times a week for at least 10 wks. 
Quality-of-Life
For quality-of-life, the study of Chin A Paw et al. 12 shows a strong effect of combined resistance and functional training. Resistance training consisted of two sets of eight to twelve repetitions with a frequency of one time a week and a duration of 60 mins per session. Functional training consisted of 60 mins of game-like activities, one time a week. Resistance training and functional training were combined to a two times a week program, with a total duration of 6 mos. Positive results were reported for depression, vitality, and perceived health.
Flexibility and Coordination
With respect to flexibility and coordination, we did not detect strong effects in the reviewed studies; therefore, we cannot recommend specific training that would improve these three outcome measures.
DISCUSSION
The purpose of this study was to examine the effects of physical exercise on physical fitness, ADL performance, and quality-of-life in frail institutionalized older persons. Our ultimate goal was to propose criteria for an exercise protocol, based on evidence from the reviewed studies. Only studies that provided strong or very strong effects, calculated with effect sizes, were included in the criteria for an exercise proposal. From the 27 studies reviewed, based on RCTs, 12 studies showed effect sizes or data on which effect sizes could be calculated. The proposed criteria for exercise include types of intervention, outcome measures, training intensity and/or volume, frequency of training sessions, duration of a session, and total duration of the intervention.
With regard to training principles, a few remarks should be made. In the first place, most authors are not very specific in their training description. ''Strength training'' or ''progressive resistance training'' is not further specified. In general, progressive resistance training is defined as a strength training method in which the overload is constantly increased to facilitate adaptation. Several authors describe the increase of loads in terms of increase in repetition numbers and sets of repetitions. 12, 13, 22, 26, 28, 32, 36, 39, 40 Some mention a percentage of 1 RM. 31,41 One other author refers to the intensity of the training as moderate or high without providing a definition. 30 According to the American College of Sports Medicine (ACSM)/ American Heart Association (AHA) guidelines, the level of intensity should be specified as follows: on a 10-point scale, where no movement is 0 and maximal effort of a muscle group is 10, moderateintensity effort is 5 or 6, and high-intensity effort is 7 or 8. 43 In the guideline, low-intensity effort is not specified. 43 Frequency is mentioned by all authors, duration of a session by all except for one author, 31 and total duration by all except for one author. 41 Balance training and functional training are referred to as high intensive and progressive, without further explanation. 41 Functional training is a classification of exercise, which involves training the body for the activities in daily living.
The proposed criteria for exercise are based on study outcomes and effect sizes. The criteria can be used to build a valid and feasible training program. We summarized the recommendations from the studies into one uniform proposal. It is important to note that we aim at a training program that is effective for all outcome measures at the same time. With regard to this exercise proposal, a number of remarks can be made: first, looking at the results, the intervention described by Seynnes et al. 31 prioritized because it was effective for the outcomes strength, endurance, functional performance, and ADL performance. The intervention was also clearly described, which is helpful for clinicians.
Second, the proposed intensity for progressive resistance training is 40Y80% of 1 RM, because evidence demonstrates that it is effective for the outcome measures strength, functional performance, and ADL performance. For endurance, the effect of a progressive resistance training intensity of 40% of 1 RM is only moderate. 31 Because the ACSM and AHA guidelines 43 pose that endurance is important for frail elderly people, we recommend a progressive resistance training with a more effective intensity of 80% of 1 RM. In doing so, we should make the following restrictions: because of the heterogeneity of the frail population, an intensity of 80% of 1 RM is not applicable for every frail older individual. Clinicians who are specialists in frailty in older adults should assess the exercise tolerance of participants in exercise programs.
Third, according to the ACSM and AHA guidelines, endurance training should also be included in exercise programs. On the basis of our findings, this recommendation cannot be supported with evidence from RCTs. Endurance training alone showed only limited effects. 26 However, endurance was increased by addition of progressive resistance training. 22, 31 Fourth, the ACSM and AHA guidelines prescribe training to increase flexibility. We found no evidence to support an exercise program that increases flexibility effectively. Finally, for qualityof-life, our results show that only the recommendations of Chin A Paw et al. 13 can be used for an effective exercise program. For consistency, we adjusted the author's proposal into a progressive resistance program with the same intensity, volume, and frequency prescribed for improvements in strength, endurance, functional performance, and ADL performance. In addition, a progressive functional training program, including walking, stepping, game-like exercises, and sport-like exercises was recommended. However, to improve quality-oflife, the total duration of the training should be extended to 6 mos.
There are some methodological issues relating to our review that need to be addressed. We explored multiple outcomes, which can lead to false positive findings occurring by chance. It was difficult to compare the outcomes of the selected studies, because the assessment of the outcomes varied among the studies. For example, muscle strength was measured through various ways: leg press equipment, 13, 37 dynamometer, 21,26Y28,35,36 functional performance tests, 21,22,29Y31,35 and a variety of walking-related tests, such as the chair stand test. 27 Less diversity in assessment tools should lead to a better comparison of the effects of interventions. This is also stated in a systematic review by Freedman et al. 44 Another methodological issue is the diversity in the numbers of subjects, type of interventions, outcome measures, and training protocols among the studies we reviewed. For this reason, performing a meta-analysis was not possible. Therefore, to compute outcomes, we calculated the effect sizes of the interventions. Effect size calculations were based on 12 of 27 studies of high or moderate methodological quality. Despite the aforementioned problems, our conclusions were based on studies that had sufficient methodological quality to provide evidence of the effects of physical interventions on physical fitness in frail institutionalized older persons.
A third methodological issue concerns the characteristics of exercise training in the reviewed studies. Most studies combined strength training with balance, flexibility, and functional training. However, the frequency, intensity, and total duration of training interventions differed in the studies. One author specifies muscle strength training as progressive resistance training, 41 whereas the others refer to strength or resistance training, without mentioning progression in the training protocol. 21 We should acknowledge another limitation of our review. We only focused on physical exercise and not on physical activity in general. An increase of endurance by increasing physical activity therefore lies beyond the scope of the underlying study.
In conclusion, this review provides promising insight into the possibilities to compose an effective training program to increase physical fitness, ADL performance, functional performance, and qualityof-life in institutionalized frail older adults. With regard to physical fitness, this systematic review shows that physical training, including progressive resistance training, balance training, and functional training, has significant positive effects on physical fitness outcomes in frail elderly people in long-term care institutions. The results of this review therefore provide the basis for an effective physical exercise program that specifically focuses on frail elderly people. 
